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SUMMARY 

This report describes experiments which have demonstrated clearly the 
effects of reflections on tonal quality when a reflecting canopy is used in a concert 
hall. This is the first occasion on which it has been possible to listen to condi- 
tions with and without reflectors, and therefore to contribute direct experimental 
evidence to an argument which has gone on for many years. 

1. INTRODUCTION 

The arguments for and against reflecting canopies and splays in concert 
halls and orchestral studios have been going on for many years. The subject was 
discussed in great detail in an I.E.E. paper "Acoustics of Large Orchestral Studios 
and Concert Halls" published in the Proceedings of the I.E.E. , Vol. 104, Part B, No. 14, 
March 1957. Since then, the position has not changed and may be summarized in the 
following way. 

The first example of the direction of sound by reflecting surfaces was in 
the Salle Pleyel in Paris, and subsequently other concert halls and large studios 
were designed in a similar manner. About ten years ago, the completion of the 
Royal Festival Hall increased the controversy in this country because, although 
much had been said about the use of directional reflectors and how much they would 
contribute to excellent acoustics, many people disliked the result. Indeed, the 
numbers who do so have increased steadily ever since. 

When the Royal Festival Hall was being designed, the B.B.C. was faced with 
the re-treatment of Maida Vale 1 which, if the normal pattern had been followed, 
would no doubt have had a reflecting canopy. Meanwhile, visits abroad had been made 
in which the various types of halls were inspected, in many of which it was possible 
to hear concerts. As a result of these visits opinion had been formed that the 
sound produced, even if suitable for concert audiences, was certainly not suitable 
for broadcasting. To verify this opinion, careful experiments were therefore made 
by placing reflectors behind the B.B.C. orchestra in Maida Vale 1, and from these 
it was apparent that the use of reflectors produced a hard unpleasing sound which 
was disliked by many people. 

From observations in traditional concert halls and from the detailed 
investigations which were carried out to compare St. Andrews Hall, Glasgow, with the 
Liverpool Philharmonic Hall, * it was considered that as far as re-treating Maida 
Vale 1 was concerned, the aim should be to provide as much diffusion as possible 
and avoid directional reflection. The details of the acoustic treatment have been 
described elsewhere. 2 



Since 1938 there have been no orchestral studios built in the B.B.C. , 
with the exception of a small music studio in Swansea, in which diffusion was again 
introduced (in this case by means of Helmholtz resonators to provide bass absorption, 
which are in the form of plaster casts on the walls). 3 It must be remembered, 
however, that in the next few years orchestral studios are to be constructed in 
Manchester and Cardiff so that a re-assessment of the position is worthwhile. 

During the controversy over the Royal Festival Hall, the Free Trade Hall 
in Manchester was reopened with a large canopy over the orchestra, and the Colston 
Hall in Bristol was also rebuilt with a modified canopy. The Free Trade Hall, 
as far as acoustics are concerned, is much inferior to the pre-war hall but the 
Colston Hall, where the canopy directs most of the sound down to the orchestra and 
very little towards the audience, seems to be the most satisfactory of the modern 
reconstructions . 

It has recently been possible to obtain further evidence on the effect of 
directed sound by an inspection of the Guildhall in Portsmouth which, having the_ 
same acoustic designer as the Royal Festival Hall, is also equipped with a canopy 
and splays. Once again the same hard quality and lack of orchestral balance are 
here in evidence. The effects are accentuated by a large ratio of breadth to length 
in the auditorium. It has also been possible to carry out experiments in the 
Southampton Guildhall, for which a removable canopy has been constructed. These 
experiments are the principal subject of this report. 

2. SOUTHAMPTON GUILDHALL 

During 1960 a minor fire took place in the stage area of Southampton 
Guildhall, and as a result of this some reconstruction and redecoration will be 
necessary. The Borough Architect saw in this an opportunity to improve the acoustics, 
which have never been satisfactory for orchestral music, and he therefore obtained 
expert advice. 

As originally designed, this hall was intended to be used for a variety 
of purposes, such as choral and orchestral concerts, public meetings, dramatic 
performances, dances and receptions. The details are as follows: 

The hall is rectangular in plan and section with a gallery facing 
the stage, as shown in Figs. 1 and 2. 

Dimensions: 115 ft (35m) long x 71 ft (21-6 m) wide x 50 ft (15'2m)high 

Gallery (and space underneath): 52 ft (15*9 m) wide x 28 ft (8*5 m) deep 

Stage: 52 ft (15*9 m) wide x 29 ft (8'8 m) high x 30 ft (9*1 m) deep 

Ceiling of stage area slightly coffered. Side walls hard 
plaster. Rear wall horizontal cylindrical reflector in fibrous plaster. 
Stage ceiling provided with traps for hoisting scenery, etc. Rostrum 
provided for orchestras and choirs. Apron stage also available. Organ 
accommodated above stage with grilles over proscenium opening. 



Proscenium opening: 48 ft (14*6 m) wide x 28 ft (8'5 m) high 

Volume: 480,000 cubic feet (13,600 cu.m) 

Seating capacity: 2156 (Main floor 1723, balcony 243, stage 190) 

Fixed upholstered seats in balcony, but main floor seated with movable 
chairs. 

Floor: Wood joist. Sprung floor for dancing, area 83 ft x 54 ft 
(25*3 m x 16" 5 m) which can be locked for other purposes. Whole floor 
area carpeted. 

Vails: Panelled in walnut to a height of 12 ft (3-7 m). Above this, 
fibrous plaster imitation stonework. 

Wall surfaces facing stage acoustic plaster, now painted and 
therefore acoustically useless. Space beneath balcony can be isolated 
by heavy curtains. 
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Fig. I - Plan of the Guildhall, Southampton 





Fig. 2 - Long section of the Guildhall, Southampton 



It is now desired that the acoustic performance should be improved for 
choral and orchestral concerts; this becomes more feasible because the use of the 
hall for dramatic performances and opera is likely to decrease. The hall will still 
be used for public meetings, receptions and other events, but it should be possible 
to make it entirely satisfactory for such purposes by means of a modern sound reinforce- 
ment system. 

There were in the original design heavy drapes and curtains in the proscenium 
opening, which would obviously lead to complaints from orchestras and choirs, since 
it is well known that for choral and orchestral purposes the performers should be 
in the same acoustic environment as the audience, and this cannot be achieved with 
the curtains necessary for dramatic performances. It was therefore suggested that 
a trial should be carried out without the curtains, and this took place on 7th March, 
1961, when there was a choral and orchestral concert. The improvement was so marked 
that it is obvious that curtains will no longer be advisable for orchestral music. 
The enclosed stage area is not ideal for musical performances, but it would be 
extremely costly to open up the stage and this limitation may have to be accepted. , 

It was suggested by the Borough Architect that reflectors in the stage 
area might be a solution, because reflectors have become a feature of most post-war 
concert halls. As he had some justifiable doubts about the efficacy of this solution, 
he decided to carry out experiments with removable reflectors in the form of a 
canopy. As such an experiment had never been possible in any concert hall before, 
Research Department agreed to co-operate because the information to be gained is of 
scientific interest and of great value to the Corporation. 



3. DETAILS OP EXPERIMENTS 

The experiments were carried out on 10th October, 1961, during a rehearsal 
of the Bournemouth Symphony Orchestra, with an audience of schoolchildren, and 
four conditions were tried. They were as follows: 

Al. Reflectors parallel with ceiling and therefore doing very little, with 
drapes in front of the rear reflector. This condition is therefore 
approximately equivalent to no reflectors. 

A2. Similar to Al, but without drapes so that the rear reflector is operating. 

Bl. Reflectors arranged to give maximum projection of sound, but with drapes 
to make rear reflector inoperative. 

B2. As Bl, but without drapes. 

Under the four conditions, reverberation and other measurements were made 
with and without the audience. Recordings were made of the Overture to Egmont. 

A questionnaire was filled in by a dozen observers. Unfortunately, only 
nine questionnaires were usable and the information obtained from them was quite 
inconclusive. The experienced observers, however, listening in the hall (who did 
not fill in questionnaires) were of the opinion that the best condition from the 



point of view of the audience was Al. On the other hand, the orchestra, having 
used BS for the children's concert in the afternoon, asked to have A2 for the evening 
concert, as they preferred this condition. 

The observed effect of the reflectors was to produce a steely quality 
which is characteristic of most modern halls with reflectors, without any improvement 
of the sound distribution in the hall; in fact, the distribution was more irregular 
than without reflectors. 



4. REVERBERATION MEASUREMENTS 

The reverberation measurements are shown in Figs. 3, 4, 5 and '6. Prom 
these it is clear that the low frequency absorption in the hall is satisfactory 
because of the timber floor, plaster ceiling and wood panelling, but in the middle 
frequency range the reverberation time rises more than it should. This is not, 
however, an argument for introducing absorption at these frequencies, because the 
real trouble appears to be lack of diffusion. Apart from some ornamentation around 
the windows near the ceiling, and on the ceiling itself, the whole of the interior 
surface is smooth. 



5. PULSE GLIDE OBSERVATIONS 

Prom pulse glide observations it is clear that the decay of sound in the 
hall is not smooth. This confirms the audible impression and is a further argument 
for diffusion. Low frequency colourations are also indicated, which agrees with 
the opinion of the skilled observers. If these colourations are caused by standing 
waves, the remedy is diffusion, but if they are due to resonating panelling, damping 
is required. 



6. SOUND LEVELS 

The ratio of the sound levels at the front of the hall to the back were 
measured during the performance. The difference between the condition with and 
without reflectors is only SO%, which confirms results obtained in other halls, and 
shows that reflectors are of little use for increasing the loudness in rear seats. 
Such a small gain in level would not be audible. 



7. SHORT PULSE OSCILLOGRAMS 

Oscillograms of the sequence of reflections of a short pulse of tone were 
photographed using Research Department's triggered time-base oscillograph. The 
source of tone was a small horn loudspeaker placed in the centre of the stage and 
pointing vertically upwards. It was fed with 1 ms tone pulses of 4 kc/s frequency. 
Owing to the vertical direction of the main energy from the loudspeaker the pictures 
tend to give an exaggerated impression of the effect of the reflectors, the normal 
horizontally-directed contribution from an orchestra being assumed to be a constant 
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Fig. 3- Reverberation time, Southampton Guildhall. Hall 
empty in the four conditions 
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Fig. 1 - Reverberation time, Southampton Guildhall, empty. 
Conditions Al and A2. (Pistol shot) 



2-8 



24 



20 



^ 1-6 



Si 2 

ID 

> 

Ul 

a 0-8 



0-4 




Fig. 5 



- i 



L 



Condition Al 
Condition A2 



J 



o_ 



£ 8 



FREQUENCY, c/» 

Fig. 5- Reverberation time, Southampton Guildhall, empty. Conditions Al 
and A2. (Average of Warble tone and pistol shot measurements) 
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Fig. 6 - Reverberation time, Southampton Guildhall, with audience 
of 1,100. Conditions A2 and Bl 
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factor throughout. The differences between the oscillograms with the reflectors 
in the high and low positions respectively will be an indication of how upward-going 
sound is treated and will not give the true picture, for instance, of the relative 
levels to be expected in the hall with the reflectors in the two different positions. 
These differences, which have been evaluated by other means, will be exaggerated 
by the pulse pictures because these take account only of that part of the sound 
\<hich will be altered by the positions of the reflectors. 

The displays which are shown in Figs. 7, 8 and 9 are obtained by passing 
the microphone signal through an instantaneous logarithmic amplifier before displaying 
on the oscillograph. The vertical scale is therefore logarithmic with a decibel 
scale which is shown on the figures. The time-base length is also shown as a 

function of the distance travelled by the sound. Fig. 7 shows the signal from a 
microphone near the front, Fig. 8 one in the centre and Fig. 9 one near the back 
of the hall. 

In all the diagrams it will be seen that the initially directed pulse is 
followed by two or three reflections with rather smaller amplitude, representing 
single reflections from the side walls and possibly the floor. After a time lapse 
corresponding to about fifty feet, (15*2 m) the main large reflections start to arrive. 
The reflections then form a reasonably uniform series in which the amplitude changes 
little or increases slightly during the period corresponding to about 150 feet, (45*7 m) 
after which the decay process becomes exponential. It will be noticed that the period 
between the initial pulses and the onset of the main mass of reflections is longer for 
a front microphone position than for arear one. Nevertheless, the amplitudes of these 
reflections are greater with the near microphones than with the most distant one. 

For all microphone positions, whether the drapes are in place or not, 
there is a great increase in the amplitude of the earliest of the main reflections 
when the reflectors are in the low position. Striking regularities can be seen 
when the reflectors are in the low position, particularly when the drapes are in 
position. This may be because without the drapes reflections from the back wall 
of the stage arrive in time to fill up some of the gaps, which amount to nearly 20 dB, 
between the earlier reflections characteristic of the low reflectors. 

In the most distant position of the microphone the character of the display 
does not change very much with reflector position. 

Generally speaking, there is a clearly visible increase in the fluctuations 
shown by these pulse pictures when the reflectors are in the low position and this 
is more marked when the drapes are not present. 

Examination of these pictures suggests that one might expect audible 
colourations and the effects similar to spaced microphone distortions due to the 
regular formations such as those marked X in Figs. 7-9. 



8. DISPLACEMENT OF IMAGES OF THE ORCHESTRA 

In concert halls with reflecting canopies, the orchestra often appears 
to be suspended above the stage. This effect was again observed in Southampton 
T&en the reflecting canopy was in position. 
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Fig. 7 - Short pulse pictures. Microphone near front of auditorium 
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Fig. 8 - Short pulse pictures. Microphone in centre of auditorium 
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